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ABSTRACT In the present paper, we report on a part obrgping studythat
investigates the effect of sentential context on the perception of
Although carrier phrases arextensively used in clinical testing Syllable stress by hearing-impaired listeners. dtmiracy of the
of speech recognitiortheir influence on target identification by Syllabic stress identifications by hearing-impaired listeners was
hearing-impaired (HI) listeners is poorly understood. The preseft@mined under conditiorthat differed: first, in the prosodic
study examinedthe effect of sentential context on the Structure of the sentenceudichthe perceptual targéelonged
identification of the stressed syllable within the targ@v by ~and second, ithe amount ofthe prosodic informatiorpresent in
listeners with mild to severe hearing loss. Bhely focused on the target's context. The strength of a syllabteesscan be
the influence ofprosodic structure ofhe carrier sentence as €XPected tovary depending on context. For example, the
determined by théocation of sententiadtress and speaking rate. Sentence typehe presence and relative position of the emphatic
The target VCV's were presented in contetiat varied in the stress in the sentence, or speegte, canall influence acoustic
amount ofthe prosodic information available abolie sentential Salience of thesyllabic stress.  In the stimulusorpusthat was
stress pattern and speaking rate. Thathetarget VCV's were used in this investigation, eithdbcation of the sentential
presented embedded either in a sentence, in a noise simulatiokEgAPNatic) stress or the speaking rate were manipulated, and the
the sentence, or extractém the sentence and presented ireffects onthe accuracy ofthe syllabic stresslocation within the
isolation. Results indicated that both f@sodic context and (@rget VCV were analyzed.  Listeners’ .performances were
the presentationondition affected performance. When sententigfompared undethree presentatiomethods:the target VCV

stress was on the target VCperformance accurasyas highest. embedded in the sentenceroviding unaltered information on
The finding is linked to theacoustic salience ohe stressed the sentential stress pattern; the takgeV embedded in a noise

syllable. The effect dhe presentatiocondition is discussed in carrier that preserved only temporal and amplitude characteristics
terms of the hearing-impaired listeners’ possible difficulties ii?f the original sentence; and, the targeV extractedfrom the

segmenting the sentence and allocating attention. sentence and presented in isolation withany speech-like
context. We asked(l) Does position othe sentential stress

relative to the targeVCV affect syllabicstress identification?
(2) Does identification obtressed syllable diffefor fast versus
INTRODUCTION slow utterances?(3) If significant,does theeffect of each of
these two factors depend on g@sodic information provided by
Perception of lexical stress has been studigidimally for the target's context?
hearing-impaired persons. For persons with normal hearing, the
redundant acoustic cues of syllabltress enablefacile METHOD
identification of stressed versus unstressed syllabléswever,
hearing-impaired personsnay have greater difficulty in

ge;;gwmg Ie;qchal stress. D;fm to . theaudmf)ry ”rebckeaptlon University communityparticipated as paid listeners. As defined
eficiencies of these persons, ustic cues of syllablstress by their pure tone thresholaverages (PTAQ.5, 1.0, and 2.0

might be less salient thdar normal-hearing persons. EspeciallkaZ)’ the listeners' hearing losses were mild (n £TA 30 dB

for hearing-impaired persongith more extensive hearing loss, HL), moderate (n = 4PTA 41 to 65 dB HL); osevere (n = 4
the acoustic characteristics differentiating stressed versys: A 70 to 85 dB HL) ' ’

unstressed syllablesould be indiscriminable. Such reduced
prosodic informationmay also limit the efficiency of hearing- Stimuli The coreset of stimuli were 80 utterances"fou put

impaired listeners in attending to the segments ¢aay greater /VCVI/ to bed", among which the /VCV/ was produced with stress
information load within a speech stream. A relagéfdct could /¢ (n = 46) or on V2 (n = 40). Either tfio variables was

be a reduced ability to perceive tbensonant in a VCV. Recent manipulated in subsets (40 sentences each) ofdte stimuli:

r.esearch (Revp!le eal., 1995) shoyved that' hearing-impaired (1) sentence speaking rate, or [@ation ofthe emphatic stress
listeners identified theconsonant in VCV'sbetter when the in the sentence:e.. eitheryOU. or PUT. or VCV. or BED was
.VCst were r?resented In 'SOlat'On than when tuoustically emphasized. Fdhe lattercondition, the sentence was spoken at
identical VCV's were embedded in a carrier sentence. Thﬁ]e speaker'scomfortable speakingate (4.4 sylis). When
authors suggestetiat thisperformance differencemay bedue to speaking rate was the independent variailed0 utterances had
the hearing-impaired listeners' difficulties in parsingwheds of sentential stress on the VCV. The sentences werguced at
continuous speech. either a slow rate (2.5 syl/s), or a faster rate (4.5 syl/s).

Subjects. Nine hearing-impaired adultfom the Gallaudet



These corestimuli composedhe baseline conditiorirom which
two other conditions were generatdd) ExtractedvVCV's, and

The significant effect of presentation method was dueatsier
stress identification when théCV was presented in the noise

(2) Noise simulation of the sentence; i.e., gaussian noise low-passrier than when in either sentential context or extracted and

filtered at 1.0kHz, replacedthe entire sentence excefpr the

presented in isolation. The interaction between sentential stress

VCV. The noise was amplitude shaped to preserve the amplitudeation and presentation method was fiooind significant F[6,
envelope and timing characteristics of the words in the sentencd8] = 1.04,p>.1). However, inspection dhe Figure 1 suggests,

Procedure Listeners identified whether V1 or V2 was stresse
for each stimulus presented in a single-interval trial.

and the pairwise&comparisons confirmedhat in the extracted
WCV condition, performance wasetter when the sentence of

Noorigin had emphasis oviOU than when therimary stress was

feedback was provided the listeners. The three presentatioron thewords contiguous tthe VCV, that is, onPUT and BED.

conditions were administered in separate blocksFive
administrations of a stimuludock weretested, each on different
days. Thdistenerschoose a most comfortabievel at which to
hear theVCV's. A one-minutebreak waggiven atthe half-way
point of each block.

RESULTS

For each ofthe 18 conditions (two speakingates plusfour
sentential stress conditions x three presentation mef@s in

sentence, in noise carrier, or extracted]), percent information

transmitted (%IT) wasomputed orthe basis of listenersorrect
and incorrect syllablestress identification. Thegroup of
listeners’ %IT scores were submitted to further analyses.
Separate repeated measures analyses of varfAh&®VA) for
each of the sentential stress and speatd manipulations were
conducted. Inthe sentential stresBNOVA, significant main
effects of both sententiatress locationF(3, 24) = 9.63 § <
.001), and presentation methd€(2, 16) = 5.10 § < .05) were
found. Pairwise comparisons (Helmert contrasts) revetiatl
the significant sentential stresffect was due tehe improved
performance wheithe VCV receivedthe primary stress in the
sentences. The groupgslT scores wheithe VCV was stressed
were better by about 20% thafor stress omany of the other
words.

locations reached significance. The aver&gd for the four

sentential stresslocations with presentation method as &

parameter are presented in Figure 1.
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Figure 1. Group mean %IT as a functiontleé sentential stress
location and the presentation method.

No differenceamongthe other three sentential stress

This trend was not observed wh&CV's were embedded in
either sentential or noise context.
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Figure 2. Group mean %IT as a function of speakatg and
presentation method.

The ANOVA for the speech rate manipulatiorshowed a
significant effect of presentation methd€(2, 16) = 5.59 f§ <
05). However,neither the maireffect of rate nor therate by
presentation method interaction reached significamce (1).
igure 2 showsthe average %IT forthe three presentation
condition with speechate as a parameter. Thdvantage of the
noise carrierover the other presentation methods is again,
apparent.

DISCUSSION

The first questions asked in thistudy can be answered
positively: Identification ofthe stressed syllable byearing-
impaired people was affected e manipulation of the
sentential stress position. The stress identification mast
accurate when therimary sententiaktress was on the target
VCV. This was true for each of the presentation methods, that is,
for the target presented in isolation, embedded in the sentence, or
embedded in the carrier noise. Thaecuracy ofthe listeners'
performance onthe other three sentential stresenditions
(emphasis either onyOU, PUT or BED), did notvary
significantly for this group of subjects.

The effect of the emphatic stress positiam be accounted for by
the greateracoustic salience dhe stressed syllable when the
sentential emphasis was on the targéV than when it was on



any other word inthe sentence. Results of the analyses gferson under test halifficulty segmenting or parsinthe carrier

duration and amplitude (RMS dB) of the stressed relative to thpdrase, aonsequence could be interference in locatimgtarget

unstressedrowel in the targetVCV's (measures often used to word. Based on thistudy, we would suggest replacing the

express temporal and amplitude prominence, respectively, of tberrier phrase with noise that simulates the temporal and

stressed syllable) will illustrate this claim. Relative duration chmplitude characteristics of the phrase. The resufieosodic

the stressed syllable was average of 21% larger when syllabic patterns irthe noisemay facilitate focus onthe target

sentential stress was on tMCV as compared tohe average word bythe hard of hearing persowhose auditory attentional

VCV duration whenthe otherwords in the sentence were capacity may be constrained by a hearing deficit.

stressed. For relative amplitude, a 90% average difference was

found betweerthe stressed syllables in the VCV’s with versus REFERENCES

without sentential stress. Ofinding on theeffect ofsentential

prosody onthe acoustic salience of syllabitress is consistent 4 Pitt, M. A., & Samuel, A. G. (1990). The userbthm in

with the related literature (e.g., Waibel, 1986). attending to speech. Journal of Experimental Psychology:
. . . o Human Perception and Performands, 564-573.

The speaking rate manipulations as representexuirstimulus

set, were not found significant ingny of the presentation 5 Revoile,S., Kozma-Spytek, L., Holden-Pitt, LRickett, J., &

conditions. Althougtthe temporal difference between the fas roge, J. (1995). Acoustic-phonetic context considerations for

and slow productions was substantial, it is possible thatl&ae- speech recognition testing of hearing-impaitieteners Ear &
speech constraint that wasiposed on the speaker, and theHearing, 16. 254-262

requiremenfor the full vowel /a/ in both positions within VCV
in the stimulus selection process, biasedetffiect ofrate on the

i 3. Waibel, A. (1986). Recognition of lexical stress in continuous
stress characteristics.

speech understanding system -pAtternrecognition approach.

. . . International Conference on Acoustic§peech and Signal
Finally, this study revealedthat across speakingate and Processing2287-2290.

sentential stress manipulations, hearing-impaired listeners
identified syllable stress iWCV's better whenvVCV's were in a
noise carrier (simulating a sentence) than when in the sentence of
origin, or when presented extracteflom the sentence.
Presenting the target in the sentence@sosed to presenting it
extractedfrom the sentence was not detrimental to tiearing-
impaired listeners' performance#lthough opposite to the
findings of the consonant identificatiortask (Revoile etal.,
1995), lack of advantagdor the extracted VCV’'s is not
surprising giventhe task at hand.Syllabic stress is aontext
dependent value. While the extracte€V provided some
context to determinestress, itmay have not been sufficient.
Fromthe whole sentence, arfdom the neighboring syllables in
particular, a listenercould use information to establish the
relative stress value of the syllables in the VCV. Further, it has
been hypothesizedhat in English, a stress-timelknguage,
rhythmic pattern established by stressed syllalhesy facilitate
efficient use of limited attentionalcapacity by allowing
anticipatory allocation of attentiofPitt & Samuel, 1990). Thus,

if the presence of the sentential content imposegimentation
difficulty, it was clearly counteracted bthe useful prosodic
information from the context.

Consistent with the attentidmypothesis ighe findingthat the
presentation in the amplitude-shaped noise led to the best
performance. While it eliminated (or at least greatly reduced) the
segmentation difficultythe noise carrier contained temporal and
amplitude information abouhe sentential stress pattern useful
in determining the relative value of the syllable stress.

For hard of hearing persons, an implicatioom this effect is
relevant for clinical tests of word recognition. Suchtests
typically involve presentation of a target word atregar the end

of a carrier phrase, e.dYou will say . If a hard of hearing



